Background: Body composition in Turner syndrome (TS) is altered with final height of TS decreased; anthropometry and bone mass distinctly changed. Aim: To describe total and regional distribution of fat and muscle mass in TS and the relation to measures of glucose metabolism, sex hormones, IGFs, and markers of inflammation and vascular function. Material and methods: Fifty-four women with TS (mean age, 42.5G9.7 years) and an age-matched group of controls (nZ55) were examined by dual-energy X-ray absorptiometry scans with determination of regional body composition and estimation of visceral fat and skeletal muscle mass. We determined maximal oxygen uptake and assessed physical activity using a questionnaire. We measured serum adiponectin, ghrelin, IGF-I, IGF-binding protein-3 (IGFBP-3), estradiol, testosterone, sex hormone-binding globulin (SHBG), insulin, glucose, cytokines, vascular cell adhesion molecule-I, and intercellular cell adhesion molecule-I. Insulin sensitivity was estimated. Multiple linear regression models were used to examine the relationships between variables. Results: TS had lower total lean body mass (LBM), while body mass index (BMI) and total fat mass (FM) were increased. We found increased visceral FM, and decreased trunk LBM, appendicular LBM, and skeletal muscle mass. VO 2max and physical activity were significantly lower in TS, as were most hormone levels, except increased leptin. In multiple linear regression models, status (i.e. TS or control) was a consistent contributing variable. Conclusion: Profound changes are present in body composition in TS, with increased FM, and decreased skeletal muscle mass. Circulating hormones, VO 2max , and insulin sensitivity influence body composition. The accumulation of visceral fat would predict a higher risk of development of the insulin resistance syndrome.
Introduction
Body composition is altered in Turner syndrome (TS). Accordingly, the final height of Turner patients is approximately 20 cm below that of the average female population, and the anthropometrical composition of women with TS is very distinct (1) (2) (3) . Turner females are primarily growth retarded along the longitudinal axis, while the horizontal measurements are comparable to those of control females (1) (2) (3) . This means, while height, sitting height, and arm-span are reduced by approximately 3-4 SDS compared with a reference population, hands and feet are reduced in size to a lesser extent, while head circumference, biacromial and biiliacal diameter are comparable to those of healthy women. Fat mass (FM) and body mass index (BMI) have been found to be higher in adult Turner patients compared with agematched controls, and lean body mass (LBM) is inappropriately low (4, 5) . In addition, distinct differences in regional body composition was present in young TS girls (9-15 years) in comparison with age-and BMI-matched controls in two different study groups (6, 7) , and in adults excess visceral fat and hepatic adipose tissue have been documented (8) . Therefore, TS has been characterized as a syndrome of disproportionate anthropometry and body composition (7) .
Glucose metabolism is altered in TS and type 2 diabetes is seen frequently (9) ; insulin resistance has been reported in some studies on children (10, 11) , while studies on adults have pointed towards b-cell failure rather than insulin resistance as the primary defect in glucose homeostasis (5, 12, 13) . The pathogenesis behind progressive b-cell failure is not clear, and further characterization is necessary.
Women with TS suffer from an increased risk of cardiovascular disease, hypertension and stroke (9, 14) , and aortic dissection is seen frequently and at a young age (15) , visualizations often show aortic abnormalities (16) , and it has been suggested that intrinsic biochemical abnormalities may be present in the aortic wall. Adhesion factors are secreted from endothelial cells and levels are increased in response to insults to the vasculature. A recent study has implicated an increased level of interleukin (IL) 6 in TS (17) , and we have previously shown in different populations of females with TS that C-reactive protein (CRP) is discretely increased (18) , pointing towards an activated inflammatory state.
Here, we further characterize the relationships between body composition, glucose metabolism, sex hormones, insulin -like growth factors (IGFs) and markers of inflammation, and vascular function in TS.
Materials and methods

Subjects
The study group consisted of 54 patients with TS, diagnosed by chromosome analysis. Karyotypes were distributed as follows: 45,X (nZ25); 45,X/46,XX (nZ5); karyotypes with isochromosomes (Xq) or deletions (nZ14); karyotypes with Y chromosome material (nZ5); karyotypes with a marker or ring chromosome (nZ5).
All patients were recruited through the National Society of Turner Contact Groups in Denmark. Inclusion involved mailing letters by the National Society to all 90 members above 20 years of age. A total of 54 chose to participate. Exclusion criteria were untreated hypothyroidism or hyperthyroidism, present or past malignant diseases, clinical liver disease, or treatment with drugs known to interfere with glucose homeostasis or fat metabolism (e.g. glucocorticoids). Five of the patients had menstruated spontaneously and forty-five received conventional sex hormone-replacement therapy (HRT) consisting of 17b-estradiol (2 mg) for the entire cycle and norethisterone (1 mg), medroxyprogesterone (10 mg), or levonorgestrel (0.25 mg) for 10 days every cycle. Two of the five women with spontaneous menstruations were still menstruating, while the other three experienced premature ovarian failure and received HRT. Five patients had chosen not to receive HRT. All were interviewed concerning the age at menarche (if present), start of induction of puberty (by exogenous estrogen), premature menopause (if present), duration of HRT, and cessation with HRT (when relevant), enabling summation of total estrogen exposure (in years). These variables were used in subsequent statistical computations. There were no differences in any dual-energy X-ray absorptiometry (DEXA) or biochemical parameters between estrogen exposed and unexposed patients, except a lower level of serum estradiol, as expected. We therefore chose to combine the two groups in all further computations.
A control group of 55 healthy women between 20 and 79 years of age was also included in the study. None of the controls had been treated with, or were presently receiving HRT. All subjects received oral and written information concerning the study prior to giving written informed consent. The protocol was approved by the Aarhus County Ethical Scientific Committee as an extension of a previous protocol (no. 1994/2929).
Methods
Participants were examined in the morning. Women were instructed not to eat or drink anything else other than bottled mineral water and met fasting in the laboratory. After blood was drawn, serum was immediately separated and stored at K20 8C in multiple vials for later analysis. Body weight was measured to the nearest 0.1 kg on an electronic scale, and body height to the nearest 0.5 cm, with the subjects in underwear and barefooted. BMI was calculated as weight (kg) divided by height (m) squared, and body surface area according to the DuBois equation: SZ0.007184!weight , where weight was in kg, height in cm, and S is expressed in m 2 (Table 1) . A 6-min sub-maximal exercise test with continuous monitoring of the heart rate was performed on a bicycle ergometer (Monark Ergometric 829 E, Monark exercise AB, Varberg, Sweden) using a workload of 300-1200 kpm/min, depending on age and reported physical activity by the subject. The mean heart rate during the last 2 min of work (O120 beats/min) was used for calculation of the maximal aerobic capacity (VO 2max ) (19) . This indirect measure of maximal aerobic capacity has been shown to correlate well with a direct measure of maximal aerobic capacity, with a coefficient of variation (CV) of less than 10% (20) , which in our lab has a day-to-day intra-individual CV of 9% (unpublished observations). Participants were interviewed concerning their level of daily activity, during work, leisure, and sports, and the results quantified using a questionnaire as previously described (21) , and a combined index of physical activity is presented.
We measured total and regional FM (g), and LBM (g) by DEXA using a Hologic QDR scanner (Hologic, Inc., Waltham Mass, version 7.20D) in pencil-beam mode. The system software provided the mass of lean body, fat and bone mineral for the whole body and specific regions. Appendicular, trunk and visceral trunk FM, and trunk and appendicular LBM were extracted. Visceral FM was determined manually after placement of a region of interest from L2 to L4 and laterally extending to the outer rim of the rib cage (22) , an area shown to contain predominantly visceral adipose tissue (23) . Appendicular LBM measured by DEXA correlates well with estimates determined by total potassium and nitrogen (24) , and intermuscular adipose tissue-free (IMAT) skeletal muscle mass (SM) was then estimated according to a recently developed, magnetic resonance imaging (MRI)-based, and validated prediction model with minimal variation (25) as IMAT SMZK0.14C 1.18!appendicular LBM (in kg)K0.03!age. Crosscalibration was insured through the use of double measurements and a common phantom as described previously (26) . The CV values for the actual QDR scanner was less than 2% for any region from repeat measurements in 18 subjects, and long-term stability has been shown to be high with changes less than 0.2% per year. These figures included cross-over calibration, change of hardware, change of technicians, and longterm stability (26) . Insulin sensitivity was assessed using the homeostatic model assessment (HOMA-index) modeling, based on simultaneously sampled fasting levels of glucose and insulin. The HOMA2 computer model was downloaded from http://www.dtu.ox.ac.uk/ index.html?maindocZ/homa/download/html.
Assays
We measured serum total adiponectin by a novel in-house time-resolved immunofluorometric assay (TR-IFMA), and serum ghrelin was determined by an in-house RIA, as described previously (27, 28) ; within and between assay CV values of standards and unknown samples averaged !5 and 10% respectively. Serum IGF-I was measured by noncompetitive TR-IFMA, and IGF binding protein (IGFBP)-3 by IRMA (Diagnostics Systems Laboratories, Inc., Webster, TX, USA). For IGF-I, the detection limit was 2.7 mg/l and the intra-and interassay CV values were !5 and !10% respectively. Serum estradiol and testosterone were measured by a commercial time-resolved fluoroimmunoassay (Dissociation-Enhanced Lanthanide FluoroImmunoassay (DELFIA), Wallac, Inc., Turku, Finland). Insulin was determined by commercial ELISA (DAKO, Glostrup, Denmark). Serum sex hormone-binding globulin (SHBG) was measured by a commercial timeresolved fluoroimmuno assay DELFIA (Wallac Oy, Turku, Finland). The cytokines IL-1b, IL-2, IL-4, IL-6, IL-8, IL-10, tumor necrosis factor (TNF)-a, interferon (IFN)-g, and granulocyte-macrophage colony-stimulating factor (GM-CSF) were measured with a Luminex Suspension Array System (Bio-Plex, Bio-Rad Laboratories Inc., Ca, USA), in which sandwich ELISA captured antibodies are coupled to color-coded beads, permitting the simultaneous determination of several different cytokines as identity and amount of analyte are read by separate lasers in a flow-based, dual-laser array reader (29) . The detection level for all cytokines was 1 ng/l. All values below the detection limit were set to 1 ng/l. Intra-and inter assay CV values were below 6% and in the range of 11-17% respectively. Serum vascular cell adhesion molecule-I (VCAM-1) and intercellular cell adhesion molecule-I (ICAM-1) were measured by commercially available ELISA kits, as described by the manufacturer (R&D Systems, Minneapolis, MN, catalog no. DY809, VCAM-1; catalog no. DY720, ICAM-1).
Statistical analysis
All statistical calculations were carried out using SPSS for Windows version 13.0 (SPSS, Inc., Chicago, Illinois, USA). Data were examined by Student's two-tailed unpaired t-test or the Mann-Whitney U-test, where appropriate. General linear model (GLM) ANOVA was used to compute adjusted estimates of body composition as this method allows for the removal of the linear effects of covariates on the dependent variable. Using GLM ANOVA, body composition variables were adjusted for weight and status (i.e. being TS or control), and the meanGS.E.M. adjusted values are presented. Pearson's correlation was used to examine relations between different measures of body composition, while Spearman's correlation to examine the relationships between estimates of body composition, circulating sex steroids, cytokines, indices of glucose homeostasis, and growthrelated parameters. Backward multiple linear regression was used to examine the principal determinants of estimates of body composition, where independent variables were omitted from the model when PO0.1. Results were expressed as meanGS.D., or median and range when data were not parametrically distributed. Levels less than 5% were considered to be significant.
Results
Anthropometry, body composition, and physical activity
Women with TS were smaller, as indicated by decreased height, weight, total LBM, weight and status-adjusted total LBM, and body surface area, while BMI, total FM and weight, and status-adjusted total FM was increased (Table 2 ). Distinct differences in regional body composition were present, with increased visceral FM and decreased trunk and appendicular LBM and estimated IMAT SM. Adjusted values showed increased regional FM and decreased LBM with a resultant change in the ratio of trunk to appendicular FM and LBM in TS (Table 1) . Relations between FM and LBM were changed in TS with tight positive correlations between total, visceral, and appendicular FM and LBM respectively, while such significant relations were absent in controls (Fig. 1) .
VO 2max and physical activity was significantly lower among TS women. There was a strong relationship between VO 2max and LBM, both total and regional, in both TS and controls (all rO0.4, all P!0.005). The relationship between VO 2max and IMAT SM was even stronger (TS: rZ0.51, PZ0.001; controls: rZ0.70, P!0.001). However, the nature of this relation between measures of LBM and VO 2max was significantly different in the two study groups (Fig. 2) , with the slope of the regression line being significantly different between groups (results not shown). The physical activity index, but not VO 2max , was negatively correlated to measures of body adiposity by DEXA (all r!K0.3, all P!0.03) in both TS and controls. VO 2max and the physical activity index were correlated in both TS and controls (TS: rZ0.4, PZ0.02; controls: rZ0.4, PZ0.003).
Women with TS started HRT at a median age of 18 (13-60) years with an average treatment time of 20 years. There was no significant relationship between estrogen exposure in years in TS and estimates of body composition, or VO 2max .
Glucose homeostasis, IGFs and sex hormones
Fasting glucose was slightly increased, while fasting insulin and HOMA-index was similar in TS and controls (Table 3) . Leptin levels increased in TS, while IGF-I, IGFBP-3, testosterone, SHBG, and ghrelin decreased, and estradiol was comparable in TS and controls (Table 4 ).
Cytokines
Circulating adiponectin was similar in TS and controls, despite the profound differences in body composition, whereas levels of IL-6, IL-8, and TNF-a were significantly elevated in TS ( Table 3 ). The remaining cytokines were comparable in TS and controls. Adiponectin correlated significantly and inversely with measures of adiposity in TS but not in controls (Fig. 3C) .
Endothelial factors
Circulating VCAM-I was similar in TS and controls, while ICAM-I was significantly elevated in TS ( Table 4 ).
The effect of karyotype
There was no statistical difference in any of the studied parameters when comparing the group of women with the classical 45,X karyotype and the group of women comprising all other karyotypes.
Relationships between body composition and biochemical markers
Total and regional FM correlated significantly and positively with HOMA-index, insulin, leptin, and negatively with adiponectin and ghrelin (rO0.5, all P!0.001) in TS, and positively with HOMA-index, insulin, and leptin in controls (rO0.3, all P!0.04), but not with adiponectin and ghrelin ( Fig. 3A and B ).
There were no significant correlations between the remaining cytokines and measures of body composition Table 2 Body composition data derived from whole body dual-energy X-ray apsorptiometry (DEXA) scans in Turner syndrome (TS) patients and normal women (controls). Values are given as meanGS.D., unless otherwise indicated.
TS (nZ54)
Controls ( in TS and controls. Likewise, there were no significant correlations between markers of endothelial function and measures of body composition except for a significant negative correlation between VCAM and measures of body fat (rOK0.28, all P!0.04) in controls.
In individuals with TS, IGF-I, IGFBP-3, testosterone, and insulin were significantly and positively correlated with IMAT SM (all P!0.02) and other measures of LBM, and SHBG was negatively correlated (PZ0.02) (Fig. 4) . These relations were similar but not significant in controls, and indeed, the regression lines were distinctly different with the regression line for controls being shifted upwards, which could be indicative of a relative resistance to the anabolic effect of these hormones in TS. On the other hand, estradiol correlated positively with IMAT SM (PZ0.04) and other measures of LBM in controls. In TS, IGFBP-3 and insulin were also positively correlated with total FM and other measures of adiposity (all P!0.01), and SHBG correlated negatively with measures of adiposity (P!0.01). Again, in controls, only insulin showed a weak significant positive correlation with measures of adiposity (P!0.05). 
Relationship between cytokines, endothelial markers, and insulin sensitivity
There were no significant correlations between inflammatory and endothelial markers, except for a positive correlation between VCAM-I and IL-8 (P!0.01) in TS. Likewise, there were no significant correlations between measures of glucose homeostasis and markers of endothelial function or between measures of glucose homeostasis and cytokines, except for a significant correlation between IL-6 and HOMA-index (rZ0.3, PZ0.02) in TS.
Determinants of body composition
The principal determinants of body composition were evaluated by backward multiple linear regression with measures of body composition as dependent and independent variables, we chose significant variables from the Spearman's correlation analyses above.
In a multivariate model (rZ0.88, P!0.001) with total FM in TS as the dependent variable, leptin (P!0.001), IGF-I (PZ0.002), IGFBP-3 (PZ0.003), SHBG (PZ0.01), and ghrelin (PZ0.08) were all explanatory variables. Studying the same model in controls (rZ0.79, P!0.001) only leptin was a significant explanatory variable.
In a multivariate model (rZ0,82, P!0.001) with visceral FM in TS as the dependent variable, leptin (P!0.001), IGF-I and IGFBP-3 (both PZ0.03), HOMAindex (PZ0.08), and SHBG (PZ0.1) were significant explanatory variables, while in controls (rZ0.74, P!0.001), leptin (P!0.001), adiponectin (PZ0.05), and SHBG (PZ0.1) were explanatory variables.
The principal determinants of IMAT SM (rZ0.63, P!0.001) in TS were testosterone (PZ0.004), leptin (PZ0.01) and ghrelin (PZ0.04), and among controls in a similar regression model (rZ0.42, PZ0.02) leptin (PZ0.02), insulin (PZ0.03), and estradiol (PZ0.05) were significant explanatory variables. Multiple regression models with other indices of adiposity and LBM gave essentially similar results.
In combined multiple regression models, where status (i.e. being TS or control) was included, status was consistently one of the major contributing variables. For example, in a model with IMAT SM (rZ0.86, P!0.001) as the dependent variable, status, VO 2max , HOMA-index, and IGFBP-3 were independent explanatory variables ( Table 5 ). In another model, with total FM as the dependent variable (rZ0.84, P!0.001), leptin, IGF-I, status, VO 2max , SHBG, and HOMA-index were significant explanatory variables. In a model with visceral FM (rZ 0.78, P!0.001), leptin, status, SHBG, IGF-I, HOMAindex, and adiponectin were significant variables.
Discussion
The present data show that body composition in TS is profoundly changed. Numerous factors seem to influence the decreased LBM and the increased FM, such as sex hormones, the growth hormone (GH)/IGF system, maximal oxygen uptake (or physical fitness), insulin sensitivity, ghrelin and leptin, and possibly other factors. However, the syndrome per se is also likely to contribute. The study extends the results of previous studies into the realm of regional body composition, and it is clear that in addition to disproportional anthropometrics and bone (6, 7, 17, 30) , one must also include the content and the distribution of adipose tissue and muscle mass. The contribution of individual variables to the adjusted squared correlation coefficient. Computed by removing variables stepwise, and given as a percentage. b Adjusted squared correlation coefficient (i.e. for IMAT SM, the correlation explains 69% of the total variation).
We investigated a range of biochemical markers, previously associated with indices of body composition in other studies, in a group of women with TS covering a wide age range with an age-matched control group. This approach was chosen in order to study both total and regional body composition in more detail than in previous studies, and subsequently determine possible determinants of the abnormal body composition.
As found previously in adults, we found normal fasting insulin sensitivity using the HOMA-index (12, 13, 31) although fasting glucose was slightly elevated. Maximal oxygen uptake was decreased, as was a selfreported index of physical activity, as described previously (4, 31) , and since we found a close correlation between measured maximal oxygen uptake and self-reported activity, we conclude that women with TS lead a more sedentary life-style than the controls. We also found a close correlation between FM and insulin sensitivity.
We recorded distinct changes in body composition, with increased amounts of body fat, even after adjustment for differences in BMI. We made no formal attempt to match TS and controls on BMI. This approach was chosen since we previously documented a skewed body composition in adolescent aged 9-14 (6) and 13-18 years (7), despite a BMI comparable to controls in these two studies. In most regression analyses, we could show that IGF-I and IGFBP-3, testosterone and estradiol, SHBG, ghrelin and leptin were determinants of both measures of adiposity but also of SM. In combined regression analyses the picture was similar, but in addition, VO 2max and status were also contributing variables. This does not in anyway prove causality between the examined variables, but the fact that the dichotomous variable 'status' in all combined regression analyses was a contributing variable indicates that body composition seems to be influenced significantly by having TS, and as such, the results indicate that body composition is distinctly altered in TS. These alterations not only apply to the amount of both FM and LBM, but also to the observed distinct regional differences. From the correlation analyses, it can be deduced that there seems to be not only a resistance to the anabolic effect of IGF-I, but also the anabolic effects of testosterone, insulin, and estradiol. For any given level of these hormones, the SM was higher in controls compared with TS. Previously, GH and IGF-I resistance has been proposed (32) and indirectly proved by the fact that TS girls need GH and IGF-I levels well into the acromegalic range to grow properly (33) . We have suggested a reduced bioactivity of the GH-IGF-IGFBP axis (34) , perhaps also influencing the cross-talk between GH/IGF-I and testosterone, not only at the level of the hypothalamus, but also peripherally, where GH/IGF-I and follicle-stimulating hormone and luteinizing hormone (LH) synergize in stimulating ovarian steroidogenesis (35) , and a synergistic effect on protein anabolism is also present (36) . It is therefore difficult to state whether a degree of estradiol/testosterone resistance is also present in TS or the seemingly reduced effect of testosterone is merely due to reduced GH/IGF-I bioactivity. In fact, the universal reductions of several axes may synergize to form a vicious cycle further perturbing body composition, and suggest that only proper supplementation of not only estradiol (and progesterone), but also testosterone and GH/IGF-I may normalize the hormonal milieu, and thereby body composition. GH treatment in TS girls leads to robust increases in muscle mass and normalizes the amount of body fat (6, 37) . The distribution of fat and muscle was also discordant with accumulation of both the trunk (a mixture of subcontaneous and visceral FM) and visceral FM determined by DEXA. This is interesting because accumulation of visceral fat in other settings predicts higher risk of insulin resistance, dyslipidemia, cardiovascular disease, hypoandrogenemia, elevated cortisol, and reductions in SHBG, IGFBP-1, LH, high density lipoprotein-cholesterol, and GH production, in other words, a high risk of the insulin resistance syndrome (38, 39) . In a small study of TS utilizing MRI, a similar picture of body composition was present, and in addition, it was shown that fat accumulation in the liver was also present, the latter related to estrogen exposure (8) .
Inflammatory cytokines such as IL-6, IL-8, and TNF-a were discretely, but significantly elevated in TS, while other cytokines, as well as adiponectin were comparable in the two study groups. Combined with previous studies showing slightly elevated levels of CRP (18) and IL-6 (17), a picture of a chronic low-grade inflammatory state emerges. None of the cytokines were related to body composition. Surprisingly, adiponectin was not decreased as would have been expected for the given level of adiposity.
SM and LBM was highly significantly reduced, similar to findings in pre-pubertal and pubertal girls (6, 7) . In a longitudinal study of pre-pubertal girls, LBM z-score (age, but not height or weight adjusted) was found to be reduced, but due to the presentation of data it is not clear whether LBM was genuinely reduced if adjustment for differences in body size had been performed (40) . In a study of forearm bone density by peripheral quantitative computed tomography, cross-sectional muscle area was found to be comparable to controls (41) . Since skeletal muscle mass correlated positively with VO 2max and physical activity, as well as with IGF and testosterone, it seems prudent to state that the reason for the reduced muscle mass is multi-factorial and that the syndrome per se contributes to the reduction.
Circulating ICAM-1 was increased, while the level of VCAM-I was normal in TS. Increased plasma concentrations of both VCAM-1 and ICAM-1 have been linked to several vascular-related conditions, such as coronary artery disease, hypertension, and type 2 diabetes (42). Whether elevated ICAM-I in TS may reflect an early marker of vascular involvement remains to be seen.
The cross-sectional nature of the present study precludes most conclusions on causality. However, the fact that the parameter 'status' in all multiple linear regression models of body composition is a significant contributor to the observed differences between TS and control women, suggests that the genotype, i.e. having TS, could explain a large part of the observed differences. The consequences of a given genotype (i.e. TS) materializes long before the present measurements and can be viewed as a stable marker of host susceptibility enabling one to draw cautious conclusions regarding causality even from studies with a cross-sectional design (43) . Pivotal to the interpretation of the present data is the use of an algorithm to determine SM and the application of a new region of interest on the DEXA scans to determine visceral FM. The algorithm is derived from studies of normal women and, as such, not validated in TS and this also applies to the determination of visceral FM. When studying small patient groups like those in the present study, it is almost impossible to validate most methodologies, since such an approach would be very time-consuming, and the patient material is always very limited. Therefore, one has to rely on or assume that algorithms developed in normal groups of individuals can be reasonably applied. We cannot determine the size of any error introduced by the use of these methods, but we have previously shown that DEXA readily picks up important changes during GH treatment in TS (6, 7), and it is likely, but not proven that the application of DEXA is methodologically sound in TS.
In summary, profound changes are present in body composition in adult women with TS, with marked regional changes, increased FM, and decreased SM. Circulating hormones, VO 2max , and insulin sensitivity influence body composition. The accumulation of visceral fat, in conjunction with the recorded changes in circulating hormones, would predict a higher risk of development of the insulin resistance syndrome.
